In the course of polyphasic taxonomic work in the dinophytes, we became aware of a fundamental misapplication of the name Glenodinium triquetrum (now represented conceptually by a species of Kryptoperidinium), when Stein assigned it to Heterocapsa. Possible solutions involve a conflict between retaining Ehrenberg's epithet in its correct application in the interest of priority and preserving current usage of Heterocapsa. However, we do not achieve a consensus on how to disentangle this Gordian knot, underlining that this is not a regular case of taxonomic confusion. We intend to stimulate a more general discussion about best practices in such cases, balancing between the interest of nomenclatural practicability and the respectful acknowledgement of scientific work, even if it was conducted many years ago.
INTRODUCTION
In two of six Principles, the International Code of Nomenclature for algae, fungi, and plants (ICN; McNeill & al., 2012) states that "the nomenclature of a taxonomic group is based upon priority of publication" and that there is "only one correct name, the earliest that is in accordance with the rules". This tenet corresponds to the philosophy of science in general, building and organising knowledge across generations and genealogies (and despite its judicial appearance, reliable naming of species in fact is science though information science rather than natural science; Quicke, 1993; Stock & Stock, 2013) . Occasionally, the principles of the Code are suspended through mechanisms of conservation and rejection, for example, the discovery of names in forgotten or obscure literature that predate the well-known names of important organisms (Smith & al., 2016) . Such exceptions under the rules are conceivable to assure stability of scientific names. The present contribution deals with two dinophyte species currently known as Heterocapsa triquetra (Ehrenb.) F.Stein and Kryptoperidinium foliaceum (F.Stein) Er.Lindem., which we have discovered are linked in an unfortunate way. These two distinctive species, and the corresponding names, have been widely used in marine eco logical and biodiversity research since the dawn of microbiology.
Heterocapsa triquetra sensu Stein (1883) is one of the most abundant, bloom-forming dinophyte species in coastal and estuarine waters and has a global distribution (Lohmann, 1908; Paulsen, 1908; Lebour, 1925; Grontved & Seidenfaden, 1938; Braarud & Pappas, 1951; Balech, 1988; Hallegraeff & al., 2010; Carstensen & al., 2015) . The species has been involved in a wide array of investigations in ecophysiology (Braarud & Pappas, 1951; Litaker & al., 2002) , fatty acid composition (Matsuyama & Suzuki, 1998 ), phagotrophy (Legrand & al., 1998 , life-history (Olli, 2004) , phylogenetics (Salas & al., 2014; Tillmann & al., 2017) and vertical migration (Jephson & al., 2011) .
Kryptoperidinium foliaceum belongs to a unique evolutionary group of peridinialean dinophytes that harbour a diatom as a tertiary endosymbiont, the Kryptoperidiniaceae. The species has been reported from the Baltic Sea, the Mediterranean Sea, the Atlantic Ocean and the Pacific Ocean, including also the seas around Australia (Paulsen, 1908; Kempton & al., 2002; Figueroa & al., 2009; Hallegraeff & al., 2010) . Kryptoperidinium foliaceum has been investigated in detail in studies about life history (Figueroa & al., 2009 ), ultrastructure (Dodge, 1984 Bricheux & al., 1992; Moldrup & al., 2013) , molecular phylogenetics (Gottschling & McLean, 2013; Kretschmann & al., 2018) and pigment profiles (Kempton & al., 2002) .
In essence, these two taxa are widely distributed and important, have been widely studied, and the names are widely applied in the literature. Further, both are among those few
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dinophytes, for which extensive genomic and/or transcriptomic data are available (McEwan & al., 2008; Imanian & al., 2011 Imanian & al., , 2012 Keeling & al., 2014; Janouškovec & al., 2017; Price & Bhattacharya, 2017) .
HISTORICAL BACKGROUND AND TYPIFICATION OF GLENODINIUM TRIQUETRUM
Glenodinium triquetrum Ehrenb. was originally described on the basis of samples from the Baltic Sea off Wismar (Germany), collected in 1840 (Ehrenberg, 1840). Corresponding, unpublished water-colour drawings (sheet 674, deposited at the Museum for Natural History, Berlin: BHUPM; Fig. 1 ) show yellow-green dinophyte cells that are ovate to elliptical in lateral view and have an eyespot (which is why the species was assigned to Glenodinium Ehrenb.: Ehrenberg, 1837). The epithet refers to the diagnostic triangular outline in lateral view, a result of ventral (and concave) flattening of the cell. Because of this distinct shape, it is evident that G. triquetrum has to be assigned to Kryptoperidinium Er.Lindem. (Lindemann, 1924) , as that taxon is circumscribed today.
Below, we lectotypify G. triquetrum on the basis of one of the original illustrations deposited in the Ehrenberg collection at BHUPM. The lectotype designated below should be substantiated by epitypification based on material collected at the type locality and investigated with contemporary methods such as electron microscopy and molecular sequence diagnostics to assure unambiguity of the name's application. 
Glenodinium triquetrum
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THE PROBLEM
The name Glenodinium triquetrum was only rarely cited after its publication in 1840 (Claparède & Lachmann, 1859 , 1868 , until Stein (1883) used it as the main element in his new taxon Heterocapsa F.Stein. However, he clearly did not consult any of Ehrenberg's original material of G. triquetrum before publishing the new combination H. triquetra. In fact, he assigned to H. triquetra cells that shows a fusiform morphology with a mucronate antapex (Stein, 1883: pl. III figs. 30-40) (Fig. 2) , a shape very different from that of Ehrenberg's original material. Even if Friedrich von Stein (1818 Stein ( -1885 did not see Ehrenberg's drawings, cells of the form that he attributed to H. triquetra are rather rhomboid and anything but triangular in lateral view (highlighted by the epithet), and are neither ovate in dorsal (or ventral) view nor yellow-green in colour (all of which is noted in Ehrenberg's protologue). Stein (1883) notably ignored the fact that an eyespot, diagnostic in Ehrenberg's original concept of Glenodinium (contrasting it with the otherwise very similar Peridinium Ehrenb.: Ehrenberg, 1837), was absent from his Baltic Sea material. Oddly, Stein illustrated a very similar form to Ehrenberg's original material on the same plate as a new species, Glenodinium foliaceum F.Stein (Stein, 1883: pl. III figs. 22-26) (Fig. 2) .
During his life, Christian Gottfried Ehrenberg (1795-1876) produced about 3000 pencil and ink drawings of protists and other small organisms (Lazarus, 1998), which he regularly presented to the Royal Prussian Academy of Sciences ("Hr. Ehrenberg legte hierauf 274 Blätter von ihm selbst ausgeführter Zeichnungen von eben so vielen Arten in dem 1838 erschienenen größeren Infusorienwerke noch nicht abgebildeter Infusorien vor"; Ehrenberg, 1840: 197) . However, by no means were all of the drawings published, specifically because Ehrenberg could not always afford the high printing costs (Stephan Fölske, pers. comm.). That Ehrenberg was unable to print all of his images due to financial limitations is noteworthy as Stein complained that Ehrenberg did not provide illustrations of new species (Stein, 1878: 3, 59 ) after his epochal Infusionsthierchen (Ehrenberg, 1838). After Ehrenberg's death in 1876, all of his collections relating to microscopic organisms, including drawings (devotedly curated by his daughter Clara, 1839 -1918 : Mohr & Vogt, 2003 , were deposited at the Museum for Natural History in Berlin (Germany) (Lazarus, 1998) .
Given that Ehrenberg's material had been curated and deposited at an institution in Berlin, it is unclear why Stein did not consult any original material relating to G. triquetrum before publishing the new combination H. triquetra in 1883 (i.e., seven years after Ehrenberg's death). The Ehrenberg collection was a "sleeping beauty" during the 20th century, and that Stein's misapplication of G. triquetrum was overlooked by all subsequent authors might be explained by the complexity of German history, involving political isolation and subsequent limitation of access (Lazarus, 1998; Lazarus & Jahn, 1998) .
Nonetheless, Heterocapsa has problems other than the misapplication of its type. Stein (1883: 13) considered it a provisional name, and it was only validly published, because it was described under the ICZN, wherein provisional names dating to before 1961 are accepted under Art. 11.5.1. (International Fig. 2 Commission on Zoological Nomenclature, 1999). As such, the name can be used under Art. 45.1. of the ICN as well. However, Stein's treatment was inconsistent at the time he described it, as he indicated clear acceptance of the generic name in other parts of his publication (for example in the detailed legends to the figures), such that an argument could also be made for its valid publication in Stein (1883) directly under the ICN rather than via the ICZN rules for provisional names. Taxonomically, Heterocapsa was heterogeneous from the very beginning, and Stein's tentativeness is further illustrated by his "provisional" assignments of two additional new species he placed in Heterocapsa. More than 80 years later, Loeblich & Loeblich (1966: 35) selected H. triquetra as the type of Heterocapsa, affixing the generic name to the corresponding taxonomic concept widely applied at that time. Today, the three species originally included in Heterocapsa by Stein (1883) are considered only distantly related (Hansen, 1995; Iwataki, 2008) , and none of them, as indicated by types and original material (including H. triquetra), actually correspond to the current concept of the generic name.
The current taxonomic concept of Heterocapsa is based on the drawings published by Stein (1883) , but its nomenclatural type is that of G. triquetrum which is, in fact, a very different species that would never be classified in Heterocapsa today. It is important to recognise that we are not aware of any case, in which authors have not followed Stein's concept of Heterocapsa. In other words, the taxon has never been considered to include the dinophyte that was actually described by Ehrenberg as G. triquetrum. The consequences of the above are considerable and have the potential to cause serious nomenclatural instability and taxonomic confusion. Below, we summarise possible solutions, although we consider all of them to be disadvantageous. Basically, the question is whether priority (cf. Principles III-IV) or nomenclatural stability (cf. Preamble and Art. 14 & 56) should be given preference in resolving the problem.
(I) NO FORMAL ACTION IS TAKEN: A SOLUTION THAT WOULD CAUSE INSTABILITY
If no formal action is taken, then two well-established generic names of dinophytes will be forced to change. Specifically, the taxonomic concept of Heterocapsa will shift from that, which has been uniformly applied for more than a century based on Stein's work, to the taxon that was originally described by Ehrenberg and which corresponds to the modern concept of Kryptoperidinium. Under such a scenario, all species currently assigned to Heterocapsa would have to be transferred to Cachonina A.R.Loebl. (Morrill & Loeblich, 1981) , Kryptoperidinium would become a later synonym of Heterocapsa requiring transfers to the latter taxon, and two common, well-studied species currently referred to as H. triquetra and K. foliaceum would be forced to change names and concepts. Particularly, the established name H. triquetra must be applied for a species that no one associates with. This would clearly be a case of substantial disadvantageous nomenclatural change, and the ICN provides several tools for its prevention, such as measures for conservation and rejection of names (McNeill & al., 2012) .
(II) CONSERVATION OF KRYPTOPERIDINIUM AGAINST HETEROCAPSA: A VIABLE SOLUTION UNLIKELY TO BE SUCCESSFUL
A straightforward nomenclatural action would be to conserve the name Kryptoperidinium against Heterocapsa under ICN Art. 14.4, as the latter currently has priority. This would acknowledge the meticulous work of Ehrenberg, but would result in the loss (perhaps at too high a price) of Stein's well-established concept of Heterocapsa and the re-assignment of its species to Cachonina. If Heterocapsa was a name of minor importance, then this procedure would probably be the best solution (compare, for example, conservation of Scrippsiella Balech, nom. cons., against Heteraulacus Diesing and Goniodoma F. Stein: Gottschling & Elbrächter, 2015; Prud'homme van Reine, 2017) .
We initially considered submitting a proposal to conserve the name "Heterocapsa triquetra F.Stein" under ICN Art. 14.9, with Stein's illustrations as a conserved type. This action would have been explicitly designed to unlink the type of the basionym from its combination. However, this strategy is contrary to the intent of the conservation provisions as reflected in the final sentence of ICN Art. 14.1, which are to ensure that there is never a need to separate a name from its basionym during the conservation process. While there is no specific rule against such an action, a corresponding proposal would likely not be accepted by the General Committee (John McNeill, pers. comm.), with the result that the taxonomic confusion would remain unresolved.
(III) REJECTION OF THE TYPE OF HETEROCAPSA: ANOTHER UNWORKABLE SOLUTION
As Stein (1883: 13) reassigned Ehrenberg's G. triquetrum to Heterocapsa, no other legitimate, validly published name exists for the taxon H. triquetra sensu Stein (1883) (but see Tillmann & al., 2017) . We therefore deliberated on the description of a new species typified with Stein's illustrations. As a next step, we considered proposing rejection of the lectotypification of Heterocapsa with H. triquetra (Loeblich & Loeblich, 1966: 35) , because it is in serious conflict with Stein's protologue (ICN Art. 9.19.(b) ). Under this scenario, Heterocapsa would be untypified, and thus we could propose lectotypification of Heterocapsa with our "new" species. We believed this to be a workable solution, as the potential holotype of our new species (pl. III 35 in Stein, 1883 ) is original material of Heterocapsa in the sense of the ICN (Art. 9.2-9.3). However, the lectotype of a generic name must be selected from among the types of the species validly published in the protologue (Art. 10.2). As none of the original elements of the species names included by Stein (1883) corresponds to the current usage of Heterocapsa, this solution is also not feasible. Gottschling & al. • Nomenclature of Heterocapsa triquetra (Heterocapsaceae) To the best of our knowledge, no one has applied Ehrenberg's epithet "triquetrum" since 1883 in any sense other than that of Stein (1883) . The easiest solution would be to preserve that usage under ICN Art. 14.9 with a conserved type, thereby retaining the current usage of H. triquetra and avoiding the need to disrupt the nomenclature of any species assigned to Kryptoperidinium. A corresponding proposal to the General Committee of the ICN would most likely be considered more acceptable, but it would be the most polarising approach for phycological taxonomists. Specifically, it would formalise the change in Ehrenberg's original concept because of Stein's error, who would consequently be rewarded by both confirming his concept of H. triquetra and maintenance of K. foliaceum. This would be particularly unfortunate because Ehrenberg's concept of the taxon is documented by extant specimens and original drawings, with a collection date and type locality clearly given, whereas Stein's hitherto unnamed species of Heterocapsa is supported by no extant specimens, and lacks both a clear collection date (probably late summer 1879: Wetzel, 1885) and type locality.
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CONCLUSIONS
As we have outlined in the preceding sections, the rules of the ICN do not provide a path to resolve the nomenclature of Heterocapsa that will be considered palatable to all phycologists. Instead, we are presented with a situation wherein conservation of Kryptoperidinium against Heterocapsa would run contrary to the intent of conservation. Likewise, rejection of the Heterocapsa lectotypification appears unfeasible, and conservation of the type of G. triquetrum would have the unfortunate result of formalising a major error made by Stein (1883) that has been perpetuated by phycologists for more than a century. Importantly, the latter option corresponds well to contemporary proposals to address on a large scale the nomenclatural chaos that can be created re-examining old names and their types. Such proposals including that to effectively supress neglected names in "forgotten literature" published earlier than 1970 (Smith & al., 2016) , and the possibility of transitioning to an informal naming system for algae rather than continuing to use the Linnaean binomial system (De Clerck & al., 2013) . Although we could not reach a consensus on how the present problem should be addressed, we do agree that such pragmatism ignores the fact that seeming instability and confusion in nomenclature, because of priority, will often become accepted once resolved within a single researcher's generation, or even a shorter period. A meaningful graph how acceptance of a new/old name may take some time is shown in Koch & German, 2013, (Luo & al., 2016; Craveiro & al., 2017; Rubino & al., 2017; Tse & Lo, 2017) shortly after its taxonomic clarification (Kretschmann & al., 2015) .
From our perspective, attempts to supress older works or forgotten names undermine our own modern research by seeking to discard the work of scientists of previous centuries. Indeed, this would establish a dangerous precedent that could be used by future researchers to supress the work of today. Rather than viewing the ever increasing accessibility of online literature and specimen data, we should seize the moment "to put the nomenclature of the past into order" (Preamble of the ICN) through detailed and careful integrative study.
The Ehrenberg collection hosted at the Museum of Natural History in Berlin provides an excellent example of the opportunities that modern access to collections and literature can afford. It was inaccessible for decades but today, the drawings are digitised (Lazarus, 1998; Lazarus & Jahn, 1998) and available online, including many of taxonomic importance. We can at last be impressed by the productivity and talents of Ehrenberg and other early scientists. This admiration will hopefully better guide us to make decisions that balance scientific priority and nomenclatural stability in difficult cases such as the present one.
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